Introduction
The quantitative determination of fatty acids in soap or other detergents is an important quality control parameter where products are cycled. Hence a fast, reliable and simple method of analysis is necessary, preferably automated. Two methods are routinely used for this assay" 1. A solvent extraction method using petroleum ether.
A water evaporation technique.
Both methods are tedious, very prone to error and involve constants dependent on the manufacturing process.
A more rapid and simple method has been described 1, 2] in which the saponified fatty acids in the aqueous solution are titrated with an organic, water immiscible solution of a quaternary ammonium salt (QA) complexed with bromocresol green (BCG) used as an indicator. The end point.of the titration is taken as that point where the colour intensity of the two liquid phases is the same.
Given certain pre-requisites, the authors considered that this technique could be automated using a continuous flow system.
Experimental
In order to develop the automated method the raction was first studied using the manual method.
Principle
The reaction used consists of an exchange between the soap in the sample and a bromcresol green complex with quaternary ammonium salt. This reaction frees an equivalent of BCG for each equivalent of soap involved in the reaction.
While the BCG complex is soluble in a chloroform isopropanol mixed solvent, the free dye is insoluble and consequently migrates into the water layer. As a result, the sample causes decolouration of the organic layer which can be measured colorimetrically. The results quoted by Milwidsky and Holtzmann [2] certainly suggest that the equilibrium point of the reaction is strongly to the right, ie towards the reaction products-QA/fatty.acid complex plus free BCG. A colorimetric measurement of either the organic or aqueous phase would, therefore, produce a Beer's Law relationship between the coiacentration of the fatty acid and the optical density of measured colution.
Preliminary investigations
Using an equimolecular solution of trimethylcetyl ammonium bromide and BCG in a 4:1 mixture of chloroform/ isopropanol, the optical density of both the organic and aqueous phase was determined when an equal volume of water containing varying concentrations of fatty acid were mixed. The optical density was linear with the concentration of fatty acid.
During these investigations, the following points were noted:
1. To obtain reproducible results, the organic solution must be prepared with care and to an exact optical density. 2. Properly prepared, the organic phase is stable at room temperature for at least 10 days.
3. Over 10 days the calibration curves do not change suggesting no appreciable change in the equilibrium constants. 4. The alkalinity of the aqueous solution is critical. With sodium hydroxide concentration below 3%, the organic phase becomes very turbid, decreasing in turbidity until at 10% it is quite clear. Higher percentages lead to difficulties with the continuous flow system. Alkaline buffers, other than sodium hydroxide proved unsatisfactory.
5. The presence of ethyl alcohol in excess of 5% in the aqueous phase apparently displaced the reaction equilibrium probably by altering the partition co-efficient between the aqueous and organic phase and leading obviously to erroneous results. 6 . Erroneous results were also obtained when aqueous solutions contained an excess of strong electrolyte such as potassium chloride at a concentration of 5 g/1. Table 1 . In order to obtain correct results, it is necessary to know the average molecular weight of fatty acids,.in the sample. That is, the samples analysed must be compared with standards in the calibration curve with more or less the same average molecular weight.
It should be noted that the method is reliable for samples with an average molecular weight of 200 to 300, but not outside this range. Preferably, the molecular weights of fatty acids within the same sample should not vary by too much.
Interestingly, increasing the sample rate on the generation I AutoAnalyzer from 20-30 samples]hour decreases precision while increasing the rate on generation II from 20-50 samples/hour increases the precision. The faster change of sample in the AutoAnalyzer II prevents the build up of deposits in the significantly shorter hydraulic path as compared to the very long hydraulic paths used in the older AutoAnalyzer systems.
It must be emphasised, however, that a single calibration is valid for free fatty acids within a limited molecular weight.
However, experience has been limited to molecular weights between 200 and 300 a normal range in soap manufacture.
